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Abstract 
In parallel to the Panama Canal Expansion, the Third Bridge over the Panama Canal is currently under construction 3.5 
kilometers north of the Third Set of Locks on the Atlantic side. Designed by a Chinese-US consortium and contracted as a 
Design-Bid-Build project, both the design and technical specifications for the Atlantic Bridge, including those relevant to 
concrete works, are mainly based on AASHTO, ACI and ASTM criteria. As the Atlantic Bridge is located in a high-salinity 
maritime environment, the major structures of the bridge, other than those for the cable-stay system, are to be built with 
reinforced concrete. The durability of such structures is of a paramount importance for the project. Therefore, hybrids of both, 
prescriptive and performance-based technical specifications were put together to ensure that service-life requirements would be 
fulfilled. Per the Contract, the development of the different concrete mixes was the full and exclusive responsibility of the French 
construction Contractor. Compliance with both durability requirements and constructability was a significant technical challenge 
for the Contractor. After the Owner organized a cooperative series of workshops, a feasible technical solution was achieved by 
means of incorporating certain provisions from European Standards into the Contract. As a result of these collaborative efforts, 
the Contractor was able to commence the works for the foundations of the project. This paper highlights the challenges, pitfalls, 
benefits and opportunities derived from international cooperative collaboration with a multi-cultural and multi-standard 
perspective. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Background 
When the existing Panama Canal was opened to traffic in August 15th, 1914, the maritime industry changed. The 
East Coast of North America was now connected by the shortest maritime route to both the West Coast of North 
America and Asia.  As new maritime routes developed with the inauguration of the Panama Canal, the terrestrial 
bridge linking North and South America across the Isthmus of Panama was broken.  
Previously, the East and West banks of the Panama Canal were only connected by swing bridges over the 
Panama Canal structures and ferry services at both Pacific and Atlantic sides of the Canal. It was not until October, 
1962 when the first bridge over the Panama Canal, the Bridge of the Americas, was inaugurated. Over forty years 
passed and it was not until year 2004 when the Centennial Bridge was opened to traffic as the second fixed link 
between North and South America. Both the steel-arch Bridge of the Americas and concrete cable-stayed Centennial 
Bridge lie on the Pacific entrance of the Panama Canal, where the country’s capital, Panama City, and its satellite 
cities are developing. 
At the present time, there is not yet a fixed link between East and West banks at the Atlantic side of the Panama 
Canal. The vehicular traffic is being currently handled by the swing bridge over Gatún Locks and by means of a 
ferry boat connection which is owned and operated by the Panama Canal Authority.  
However, after the completion of the Panama Canal Expansion Program, which will enable the expanded Panama 
Canal to handle through the new-Panamax vessels, such vehicular traffic management will not be sustainable. 
Hence, pursuant to article 3 in Law 28 of July 17th, 2006, the Panama Canal Authority committed to undertake 
all necessary studies for a fixed vehicular crossing, either bridge or tunnel, at the Atlantic side of the expanded 
Panama Canal. The construction of such link had to start immediately after the completion of the Third Set of Locks 
Project. The Panama Canal Authority shall pay the costs for the project. 
The feasibility study revealed that a cable-stayed bridge was the most viable option, and it recommended the 
project to be conceived and executed under a Design-Bid-Build scheme. It is noteworthy that the location for the 
Third Bridge over the Panama Canal at the Atlantic side is deemed as having one of the most aggressive 
environmental impacts with regard to steel corrosion in the atmosphere (ASTM, 1968). 
Accordingly, the feasibility study also recommended that –other than the components of the cable-stay system – 
the new structure should be built with steel-reinforced concrete. Hence, since the very onset of the project, durability 
of concrete has been of a paramount importance for the Owner and most likely the future operator of the new bridge, 
the Panama Canal Authority. 
The design of the project was awarded in year 2011 to a Chinese-US consortium, and the baseline design was 
delivered by first quarter of 2012. The Owner had specified a required service life set as 100-year for the main 
cable-stayed bridge and 50-year for the approach viaducts. 
The construction contract was awarded in the last quarter of year 2012 to the winning French Contractor. The 
Panama Canal Authority –the Owner – issued the order to proceed on January 2013 for the project to be completed 
in a three-and-half year construction schedule. 
2. The technical problem 
The designer substantially based the technical specifications for major concrete structures –including but not 
limited to deep foundations – on relevant codes, standards and guidelines from American Association of State 
Highway and Transportation Officials (AASHTO), American Concrete Institute (ACI) and ASTM International 
(formerly known as American Society for Testing and Materials). The construction contract also specified that it is 
the Contractor´s obligation and responsibility to design and furnish concrete mixes fully compliant with the 
technical specifications (ACP, 2012). 
Hence, for the more than 400 drilled shafts of the project, the contract prescribed a concrete class with a 
minimum binder content of 410 kilograms per cubic meter of concrete, a maximum water to cementitious material 
ratio of 0.4 and, compressive strength of 28MPa at 28 days (ACP, 2012). The contract explicitly specified that 
binder shall consist of cement, pulverized fly ash (PFA), ground granulated blast-furnace slag (GGBS) and/or silica 
fume. Complementarily, the contract also specified that only fly ash and calcined natural pozzolans (i.e., implicitly 
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excluding raw natural pozzolans), as per ASTM C618, were to be considered as mineral admixtures in concrete 
mixes (ACP, 2012). 
Additionally, the contract also specified a performance acceptance criteria of maximum 1,000 Coulombs for the 
rapid chloride penetration test at 90 days, as per ASTM C1202 for all major concrete structures, namely drilled 
shafts, pile caps, piers, pylons, deck or stiffening girder (Gimsing & Georgakis, 2012) and parapets (ACP, 2012). 
Even though the Contractor established concrete batching plants at both banks of the Panama Canal, the 
Contractor was to rely on both plants with concrete mixer trucks crossing the Panama Canal –from East to West and 
vice versa – onboard the Contractor’s ferry boat to ensure non-stop concreting works for the drilled shafts and later 
on, for the pouring of massive pile caps and pylon pedestals. Hence, while developing the concrete mix to be cast 
with tremie pipe for the drilled shafts, the Contractor also had to take into account 8-hour workability to ensure that 
concreting was not to be adversely impacted by any delays while crossing between East and West banks of the 
Panama Canal during concrete pours. 
In addition, for large volume concrete placement, the maximum internal temperature of concrete should not be 
greater than 75°C and the temperature difference between the concrete core and its surface should not be more than 
25°C (ACP, 2012).  
In summary, the concrete mix for the drilled shafts had to be designed following a hybrid of both prescriptive – 
deemed to satisfy – and performance approaches (CIRIA, 2010), to be workable and compliant with a relatively 
high content of binder required for durability purposes.  
The Contractor incorporated supplementary cementitious material silica fume and nearly inert ground basalt 
complying for class N raw pozzolan as per ASTM C618, as a siliceous filler to improve sulfate resistance, chloride 
resistance, durability and thermal behavior of hardened concrete (CIRIA, 2010). Congruently, the Contractor also 
incorporated both set retarding and high-range water reducing –also known as super-plasticizers (Kosmatka & 
Wilson, 2011) – chemical admixtures into the trial mixes. 
After several weeks of concrete mix trials at the laboratory, it became evident that it was a difficult challenge to 
overcome by the Contractor to formulate a concrete mix both compliant with the minimum content of binder – 
required for durability purposes – without adversely impacting the workability and, even more importantly, the 
thermal behavior of the concrete mix. 
3. Multi-cultural approach and results 
The Owner and his international consultants organized and hosted dedicated technical workshops jointly held 
with the Contractor’s technical department. 
The most promising of the Contractor’s concrete trial mixes for the drilled shafts had the following binder 
constituents and proportions, as shown in Table 1 below: 
Table 1. Binder materials for 1m3 of concrete mix (w/c.m. = 0.37) 
Cementitious material Proportion 
Cement type II, ASTM C150 350 kg 
Siliceous filler (ground basalt) 50 kg 
Silica fume 20 kg 
 
At this point, the first impasse to be addressed was of a technical-conceptual nature. The Contractor was 
regarding the siliceous filler (ground basalt) as a latent hydraulic pozzolan. Conversely, after exhaustively assessing 
the results from the thermal studies performed by the Contractor, the Owner had come to the technically robust 
conclusion that such ground basalt was only to be considered as a nearly inert mineral admixture. Mainly because it 
was neither chemically nor thermally activated, since it showed no evidence of undergoing pozzolanic reaction 
while hydrated in presence of lime. 
While, as per the Contractor’s position, the binder content for the proposed mix was equivalent to the sum: 
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ܤ݅݊݀݁ݎ ൌ ͵ͷͲ ൅ ͷͲ ൅ ʹͲ ൌ ͶʹͲ݇݃ ൐ ͶͳͲ݇݃ 
 
Conversely, for the same trial mix, the Owner’s technical argument had it as:  
 
ܤ݅݊݀݁ݎ ൌ ܿ݁݉݁݊ݐ ൅ ݏ݈݅݅ܿܽ݂ݑ݉݁ ൌ ͵ͷͲ ൅ ʹͲ ൌ ͵͹Ͳ݇݃ ൏ ͶͳͲ݇݃ ׵ ܰ݋݊ െ ܿ݋݉݌݈݅ܽ݊ݐǨ 
 
Differently, the second deadlock to be solved was rather an industry practice and code-related tandem issue. On 
the one hand, ACI 318 concrete code (ACI, 2011) specifies maximum water-to-cementitious material ratio, 
minimum compressive strength and maximum content of supplementary cementitious material by weight for 
different exposure categories and classes. However, ACI 318 concrete code (ACI, 2011) neither provides for 
minimum binder content for the different exposure categories and classes, nor for using ‘equivalent factors’ to be 
applied to supplementary cementitious materials for the calculation of water-to-cementitious material ratios. 
On the other hand, European standard EN 206-1 (CEN, 2000) not only provides recommendations for maximum 
water-to-cementitious material ratio, minimum compressive strength and minimum binder content for the different 
environmental exposure classes but also provides general guidelines for application of the ‘k-value concept’ to 
permit incorporating the ‘additions’ in the calculation of the ‘equivalent binder content’. This takes into account the 
different levels of reactivity of the specific additions to be used, as follows1F1F1: 
 





Indeed, this latter approach is standard practice in France (CIRIA, 2010) and it has been incorporated, 
establishing specific applicability conditions in national norm NF EN 206-1 (Thauvin & Menguy, 2008). For 
instance, for our project-specific case, the following k- factors were to be applied, as starting point for discussion, as 
shown in Table 2 below:  
Table 2. Project-specific applicable k- factors 
Type of addition  k- factor General applicability conditions 
Silica fume (SF) 2.0 For w/c.m. ≤ 0.45. Maximum SF/c.m. ≤ 0.11, by mass. Total binder content ≥ 280 kg/m3. ASTM C1240 
   
Siliceous filler 0.25 ASTM C618, Class N 
 
With regard to the minimum cementitious content, European standard EN 206-1 (CEN, 2000) specifies a 
minimum binder content of 340 kg/m3 for concrete structures to be built in the tidal, splash and spray zones, where 
steel-reinforced concrete will be subject to contact with chlorides from sea water and/or winds. 
After several workshops and technical discussions, both the Contractor’s and the Owner’s teams managed to 
converge their respective standpoints into a combined European-US technical approach. Consequently, the new 
minimum binder content was set to 400 kg/m3 for concrete mixes to be cast into the drilled shafts, provided that 
mineral additions were effectively incorporated into the mix design (otherwise the requirement for minimum binder 
content was to be kept in 410 kg/m3 of concrete). The equivalent total binder content was to be the summation of the 




1 In European practice and norms, the term ‘additions’ is equivalent to ‘supplementary cementitious materials’ utilized in U.S. practice and 
codes. 
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ܰ݁ݓܾ݅݊݀݁ݎܿ݋݊ݐ݁݊ݐ ൌ ܿ݁݉݁݊ݐܿ݋݊ݐ݁݊ݐ ൅෍݇ ൈ ܽ݀݀݅ݐ݅݋݊
௜ୀ௡
௜ୀଵ
൒ ͶͲͲ ݇݃݉ଷ 
 
Accordingly, equivalent binder content for the most promising concrete mix for the drilled shafts was to be 
calculated as follows: 
 
ܤ݅݊݀݁ݎ ൌ ͵ͷͲ ൅ ͲǤʹͷሺͷͲሻ ൅ ʹሺʹͲሻ ൌ ͶͲʹǤͷ ൒ ͶͲͲ ݇݃݉ଷ  ׵ ܥ݋݉݌݈݅ܽ݊ݐǨ 
 
As a result of these cooperative efforts and inter-cultural technical exchanges amongst the Owner, his consultants 
and the construction Contractor, a contract modification was agreed and signed between the Owner and the 
Contractor to formalize the revised and improved technical specifications for concrete. Therefore the Contractor was 
able to commence the field works for the foundations of the new bridge to be built. 
4. Complementary examples and final remarks 
Always in good faith and in a proactive way, both the Owner and the Contractor continue exploring further 
opportunities for collaboration and improvement of the contract specifications; unfortunately, as this paper also 
exemplifies, not all the cases have turned into success. 
For instance, in a later stage of the project, the Owner proactively approached the Contractor to discuss the 
incorporation into the project of an innovative non-destructive testing (NDT) method, known as Thermal Integrity 
Profiling (TIP) as a complement to contractual Crosshole Sonic Logging (CSL) Test, as per ASTM D6760, for the 
integrity of drilled shaft foundations.  
Such innovative testing method presented several technical advantages for the project including but not limited to 
be compatible with contractual integrity testing methodology. Perhaps even more important, it is far more 
significant to examine and evaluate the integrity of the concrete cover of the reinforcing steel and its implications on 
the durability of the foundations.  
For this case, however, it was not possible to reach an agreement with the Contractor because –by the time of 
proposal by the Owner – such NDT method was not yet standardized. It is worth to notice however, that Thermal 
Integrity Profiling of Concrete Deep Foundations was officially standardized and coded as ASTM D7949 several 
months after the first proposal had been forwarded by the Owner. 
In another instance, the Owner and the Contractor have encountered a technical deadlock while trying to compile 
AASHTO Guide Specifications and European Standards for the seismic isolation devices of the approach viaducts. 
In this specific case, American and European practices follow parallel paths in terms of technical approvals and 
certification mechanisms for such very specialized systems. 
The core case of this paper is a good example that proactive and transparent communication, and cooperative 
attitude are key drivers to jointly achieve convergence amongst multi-cultural industry practices and technical 
norms. Always provided that such codes and practices are standardized, complementary, and not contradictory 
amongst them. 
Therefore, collaborative work within a multi-cultural environment may enhance the range of opportunities to 
attain improved engineering solutions while tackling very specialized and technical matters. Nevertheless, the 
outputs from complementary examples allow to reiteratively stress the necessity for the timely and proper resolution 
of external issues such as standardization and compatibility, as critical success factors. 
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